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An Energy Revolution 
for the 21st Century
THE CLIMATE/ENERGY PROBLEM: To maintain 2-3%/
yr global GDP growth in this century while keeping global warming < 2 
degrees Celsius* (CO2 < 500 ppm) requires some combination of new carbon-
emission-free primary power sources & efficiency-improving technologies, 
equivalent to 100-300% of present fossil fuel power sources by 2050.  
*2 deg C is a   
nominal global 
warming target 
proposed by Tony 




climate system” -- 
interference that 
the UN Climate 
Treaty and the 
Kyoto Protocol 
process is intended 
to avoid.   
 Twenty-first century tradeoff between emission-free 
carbon-free primary power supply and energy intensity 
decline rate to stabilize atmospheric carbon dioxide at 
550 ppm [from Hoffert et al., Nature 395, 881-884 
(1998)]. Energy intensity is the ratio of primary energy 
consumption to gross domestic product, (E/GDP).
Slowing Global Warming with Growing Global GDP Requires 
Massive Low-Carbon Power AND Massive Efficiency Gains
 Tens of terawatts from supply & 
tens of “nega-terawatts” from 
demand reduction  both needed by 
2050 to stabilize climate with 
continued GDP growth; much more 
needed by 2100. 
 MIH arguing that alt. energy 
supply vs. demand reduction is a 
“false dichotomy” with Amory 
Lovins (with pocketed banana) at 
Technosphere Conf., Synergia 
Ranch, New Mexico, Oct. 2005.
MIH Dec. 2005


















Mean rate of increase in installed capacity in 
carbon-emission-free primary power required 
from year 2000 to year 2050 to stabilize 
climate as a function of climate sensitivity and 
equilibrium global warming for the GDP and 
energy demand growth assumptions of the IPCC 
IS92a scenario. To hold global warming below 
2oC with a climate sensitivity of 2.5 oC/CO2  
doubling requires adding the equivalent of one 
1000 MW (thermal) emission-free power plant 
every day for the next 50 years.  
THE OIL/TRANSPORTATION/ENERGY   
SECURITY PROBLEM:           The geochemistry of oil formed 
hundreds of millions 






majority of global 
crude oil reserves 
resides in 6 Islamic 
nations near the 
Persian Gulf (data 
from V. Smil, 
Energies (MIT Press, 
1999), p. 139. 
WHEN WILL WE ACTUALLY BE “OUT OF GAS?” 
 Most likely, by the century’s end; but Hubbert curves for “cheap oil” 
production rates estimated by various experts all peak between “now” & 
mid-century (likewise cheap natural gas).  
Global warming, 
CO2 & human 
population in the 
past millennium 
Very rapidly we’ve entered uncharted 
territory -– what some call the 
anthropocene climate regime. Over 
the 20th century, population 
quadrupled and energy consumption 
increased sixteenfold. Most climate 
scientists believe we crossed a 
threshold near the end of the last 
century when global warming from the 
fossil fuel greenhouse became the 
dominant factor in climate change 
(the so-called “Hockey Stick” in the 
top panel). Global mean surface 
temperature is now higher than at any 
time in the past millennium, and rising 
faster than ever recorded.  
The first direct & comprehensive 
mass survey of the Greenland Ice Sheet 
using data from the NASA/German Aerospace 
Center Gravity Recovery and Climate 
Experiment (Grace) indicates larger than 
expected decrease in the mass of the 
Greenland ice cap. 
“Earth’s climate is 
nearing a point of no 
return beyond which it will be 
impossible to avoid climate change 
with far ranging undesirable 
consequences. Sea level will 
increase slowly at first . . . But as 
Greenland and West Antarctic ice is 
softened by melt-water and as 
buttressing ice shelves disappear 
due to a warming ocean, the 
balance will tip to rapid ice loss . . . 
causing cataclysmic ice sheet 
disintegration. Earth's history 
suggests that with warming of 2-3 
oC the new equilibrium sea level 
will include not only most of the ice 
from Greenland and West Antarctica 
but a portion of East Antarctica, 
raising sea level of the order of 25 
meters (80 feet).” 
 -- Jim Hansen (2006) 
CAN “CLEAN COAL” DO THE JOB?
Fossil fuel CO2 sequestration concepts & burial rates 
required to generate 10 TW carbon-emission-free
Light water reactors (LEFT) have had operational safety, cost, waste disposal 
& proliferation problems.  New helium-cooled pebble bed reactors (RIGHT) 
are theoretically immune to coolant loss (TMI) and criticality (Chernobyl) 
accidents. Other problems may be technically soluble also. 
BUT: U-235 resources burned at 10 TW with “once-through” reactors will 
only last 6-30 years: WE’D NEED TO START BUILDING BREEDERS NOW!
CAN “GREEN” NUKES SAVE THE DAY? 
FUSION 
PATHS
The most successful 
approach to fusion so far 
has been has been 
confining a D-T plasma (in 
purple) with complex 
magnetic fields in a 
“bagel-shaped chamber (a 
tokamak). 
“Breakeven” requires that the plasma triple product (= number density X 
confinement time X temperature) attain a critical value; as it has nearly done in 
recent experiments. A fusion-fission hybrid breeder based on tokamak research 
may be feasible prior to a fully fusion power reactor. Experiments on advanced 
fusion fuel cycles and simpler designs are also needed -- like the levitated dipole 
experiment at MIT shown above.
DON’T SELL “HIGH TECH” RENEWABLE ENERGY SHORT 
Some critics claim we’ll never power civilization with renewable energy. 
FACT: Wind & solar are fastest-growing primary power sources, but are 
unlikely to grow from present ~ 1% of supply to 10% by 2025 and >30% by 2050 
without major incentives, R & D and demonstration of enabling technologies.  
There are no known show-stoppers
Energy Demand 1980-2020 (BAU)
Mbarrels/day oil 
equiv.
Mbarrels/day oil equiv.Mbarrels/day oil equiv.
MASS-PRODUCED & WIDELY DISTRIBUTED PV & SOLAR 
THERMAL ARRAYS AND WIND FARMS COULD 
GENERATE 10-30 TW EMISSION-FREE IF 
TRANSMISSION & STORAGE PROBS ARE SOLVED 
déjà vu: The double-finned beast 
on a microwave tower in the middle right 
of the collage at left is the Lebost Wind 
Turbine (LWT). The top is an image from 
an interview Jane Pauley of the NBC 
Today show did with me live from the 
Barney Building roof in the summer of ‘79 
shortly after the LWT went up. The 
winning architectural design for the WTC 
reconstruction, the Freedom Tower by 
Daniel Liebeskin and David Child, is 
projected to contain wind turbines inside 
its open cable-tensioned upper structure, 
sufficient to generate 20% of the 
building’s electricity -- the first wind 
turbine in lower Manhattan since we built 
the NYU LWT during the “Energy Crisis” of 
the 1970’s.  
WE DON’T HAVE 25 
YEARS TO WAIT FOR THE 
NEXT ONES
“Learning by Doing” cost reductions versus installed 

































TRANSMISSION & STORAGE INFRASTRUCTURE IS 
CRITICAL FOR RENEWABLES
ANOTHER FALSE DICHOTOMY:  





VISIONARY SYSTEMS THAT COULD ENABLE A GLOBAL 
HIGH-TECH ECONOMY  POWERED BY SUSTAINABLE 
SOURCES LONG-TERM  
A.  Capturing Solar 
Energy in Space  
(Peter Glaser et al., 1970s)
COULD EARTH AND/OR SPACE 
SOLAR PV PROVIDE EUROPE’S 
ELECTRICITY BY 2030? With 
terrestrial input buffered over diurnal 
cycles by pumped hydro, the system 
delivers 10 GWe baseload. Three 
satellites beaming to the same ground 
arrays provide 25 GWe. Surface PV 
receivers are sited in North African 
deserts to avoid clouds & electricity is 
transmitted to Europe via HVDC lines. 
Several options were considered, 
including surface PV only, the latter 
meeting baseload with even more 
pumped storage. Results of this study 
indicate that terrestrial solar systems in 
North Africa could meet the load curve 
of Europe with levelized electricity 
generation costs of ~ 5 ¢/kWe-hr at load 
levels > 0.1 TWe. For SSP, loads > 1 TWe 
would also make this price point (Geuder 
et al., 2004).  
LAUNCH COST EVOLUTION: $20,000/kg -> $2/kg 
(adapted from I. Bekey, Advanced Space System Concepts and Technologies 
2010-2030, Aerospace Press, El Segundo, CA, 2004, p.54) 
$200/kg if highly 
Reusable and flown 
1000 times/year 
VEHICLE-TO-GRID & BACK WITH ONBOARD HYDROGEN  
ENERGY STORAGE
Arrows indicate direction of power flow 
MASSIVE LOW-CARBON POWER BY 2050:  
An Aggressive Scenario (Berry & Lamont) 
•  U.S. Population 400 million people (up 40%) 
•  Electricity Use  2 kWe/capita   (up 37%) 
•  Wind    300,000 5 MW Turbines (All the wind-  
    power available from the Dakotas)     
•  Solar PV  150 million 25 kW roofs (Every roof top  
    in the United States) 
•  Advanced Fission 300 1 GWe nuclear plants (50% efficient) 
    
•  100% H2 Vehicles “80 mpg”  average for cars and SUV’s                                       
   3 million H2 trucks, 5000 LH2 airliners 
BERRY-LAMONT LLNL ALTERNATE US ENERGY SCENARIO TO  
REDUCE US CARBON EMISSIONS TO ‘95 LEVELS IN FIFTY YEARS:  









*7 GtC/yr GLOBALLY, IF US IS 20% 
HISTORY OF US FEDERAL GOVERNMENT R & D
JFK Apollo 
Program
Carter Energy 
Program
Reagan “Star 
Wars” Program
Homeland Security, 
Global Warming?
